The subcellular organelles within living cells are anything but static. Rather, organelles such as mitochondria undergo continual dynamic changes; they divide, they fuse, and they are selected for recycling. The careful regulation of these processes is essential for cell health and survival. Malfunctions of autophagy and the systems regulating mitochondrial dynamics have been implicated in many neurodegenerative diseases. Here, we review recent progress in the understanding of autophagy, mitochondrial fusion and fission, and their roles in retinal diseases. Autophagy and other forms of mitochondrial plasticity may be important adaptive mechanisms utilized by cells to cope with the metabolic stresses that often underlie retinal disease.
Nonselective Autophagy
Nonselective autophagy allows the cell to recycle fundamental building blocks such as proteins, carbohydrates, and lipids and to reallocate them during periods of starvation. For example, the liver relies heavily on nonselective autophagy. Lipophagy, in which lipid droplets are repurposed for the generation of free fatty acids, is used to generate additional energy via A-oxidation. 4 These fuel molecules can then be consumed by the hepatocytes themselves or exported into the circulation for utilization by other cell types, including neurons. 5 The liver also utilizes autophagy for amino acid recycling, a function that is of particular importance in times of nutritional stress. 6, 7 Cargo-Specific Autophagy: Mitophagy Cargo-specific autophagy occurs when the autophagic process is directed specifically at a particular substrate or organelle. Included in this category are ribophagy (the elimination of ribosomes), xenophagy (elimination of intracellular pathogens), pexophagy (removal of peroxisomes), and aggrephagy (disposal of aggregate-prone proteins). Mitophagy, or the targeted removal of mitochondria, is a well-studied example of cargospecific autophagy. Mitophagy eliminates dysfunctional mitochondria and their toxic contents, protecting the cell and thereby serving as an alternative to programmed cell death (apoptosis).
Mitochondria have 3 main interrelated functions: producing energy for the cell via adenosine triphosphate (ATP) production, controlling cellular metabolism, and regulating apoptosis. Although the former is the role for which mitochondria are best known, it is the latter that requires a delicate balance and careful regulation. And all 3 functions are mutually dependent on one another. Mitochondria need to produce sufficient ATP to facilitate cellular activity. Because autophagy is so energy demanding, it is also dependent on the availability of sufficient quantities of ATP. 8 Thus basal autophagy levels are intimately linked to the underlying functionality of the resident mitochondria.
Because of their role in both apoptosis and autophagy, mitochondria bridge a fine line. On one hand, they are able to activate cell death via the release of reactive oxygen species (ROS) and proteins such as cytochrome C, which help trigger apoptosis. On the other hand, by participating in mitophagy, the cell can quarantine and recycle dysfunctional mitochondria that might otherwise result in cell death. When autophagy is inhibited, mammalian cells demonstrate an increased level of apoptosis. 9 A functional autophagic system is therefore crucial for maintaining a healthy cellular environment.
In their 2013 review, Kubli and Gustafsson 10 clearly explain that by holding both apoptosis and mitophagy in reserve as potential responses to stress, the cell is well equipped to manage any level of injury. If the injury is minor, either mitochondrial fusion or mitophagy should be sufficient, but if that method fails to manage the injury sufficiently, the cell can transition to apoptosis to spare the tissue or organism. 10, 11 A graphic of these outcomes is shown in Figure 2 .
Although mitophagy is essential to a cell's ability to function normally, excessive mitophagy is not ''more of a good thing.'' This is exemplified in studies of proteins associated with mitophagy, including Parkin, a cytosolic E3 ubiquitin ligase known to promote the mitophagy of damaged mitochondria, and the mitochondrial kinase phosphatase and tensin homologinduced putative kinase 1 (PINK1). Parkin is recruited to dysfunctional mitochondria, which display PINK1 to indicate their decreased membrane potential. 12 Without Parkin, mitophagy cannot proceed as usual, resulting in swollen and dysfunctional mitochondria. 13 However, an excess of Parkin-mediated mitophagy can be just as toxic and, if left unchecked, will facilitate the complete elimination of a cell's mitochondria. 14 
MITOCHONDRIAL BIOGENESIS AND DYNAMICS
This small organelle, which comes in a variety of shapes and sizes, is thought to have originated as a free-living aerobic bacteria engulfed by an anaerobic eukaryotic cell (reviewed by Nisoli and Carruba 15 ). In their current incarnation, the morphology of these double-membrane organelles may vary greatly, even within the same organism. For example, fibroblast mitochondria are long and cylindrical, whereas hepatic mitochondria are often rounded and spherical. This variation is reflected in the Greek origins of its name, as mitos means ''thread'' and chondros means ''grain.'' 16 Mitochondria can either divide during mitosis, a natural moment for growth, or at other points in the cell cycle, if triggered by external signals. For example, mitochondrial proliferation may be prompted by myogenesis 17 or by substances such as benzodiazepines. 18 The synthesis of mitochondria requires genetic input from DNA in both the mitochondria and the nucleus (reviewed by Alberts et al 19 ). Proteins derived from nuclear genes are imported into the matrix of the mitochondrion, where they will be used along with proteins transcribed and synthesized from mitochondrial DNA (mtDNA) (reviewed by Alberts et al 19 ). In humans, mitochondrial genes are maternally inherited, with only 0.05% to 0.1% of the mitochondria in a fertilized egg originating from the father, resulting in a non-Mendelian pattern of inheritance (reviewed by Alberts et al 19 ). Because of this, diseases caused by a mutation in mtDNA are easily identifiable in studies of affected families.
Although mitophagy is one way the cell regulates mitochondria, it is not the only mechanism available for the modulation of mitochondrial function. Rather, cells are constantly privy to a dance of merging and dividing mitochondria. These mitochondria use fusion and fission as a way to repair injured organelles, to separate those that are past the point of rehabilitation, and to expand to keep up with the demands of the tissue and organism they help support.
In healthy tissue, mitochondria will engage in a steady state of division and fusion, with the rate varying by the requirements of their environment and by cell and tissue type. 20 The rates of fusion and fission can fluctuate in response to environmental signals, including changes in cellular energy sources. 21 In the extreme, a complete lack of nutrients has been shown to increase mitochondrial fusion. 21 The fusion process between 2 mitochondria is complicated, requiring a precise connection between both the outer and inner membranes of the organelle. Large guanosine triphosphatases (GTPases) are involved in the fusion of both membranes. Fusion of the outer membranes utilizes the GTPases mitofusins 1 and 2, whereas fusion of the inner membrane is regulated by a third GTPase, optic atrophy protein 1 (OPA1). 22, 23 Fission is facilitated in part by a cytosolic dynamin protein (drp1 in mammals) that circles the mitochondria and constricts, severing the mitochondria in a manner reminiscent of a string tightened around a bubble, as shown in Figure 3 .
Mitochondrial fission is critical for effective mitophagy, as the cell relies on fission proteins to divide mitochondrial networks up into sections small enough to then be engulfed by an autophagosome. 25 Twig et al 26 made a number of important findings in this area, including that fusion is required for fission and that fission is in turn needed for autophagy. They further demonstrated the potential for selectivity in both fusion and fission. By showing that mitochondria with higher membrane potentials are more likely to fuse with one another, they defined the existence of a second, unfused, and isolated class of mitochondria with lower membrane potentials. 26 Fission can also be selective, producing mitochondrial offspring that are metabolically different from one another. 26 Thus a single, large mitochondrion can divide unevenly, creating one set of daughter mitochondria that serve as a depository for any dysfunctional elements and are then targeted for mitophagy and a second, healthier set that may go on to divide and prosper. 26 A graphic of this process can be seen in Figure 4 .
Mitophagy and mitochondrial fusion and fission are essential to a cell's ability to maintain a healthful state. Poole et al 28 showed that heterozygous loss-of-function mutations of drp1, a key mitochondrial fissionYpromoting component, is largely lethal in a PINK1 or Parkin mutant background, that is, an environment in which mitophagy is already limited. This study also demonstrated that mitochondrial dynamics and mitophagy can serve as a balance for one another, as a phenotype associated with increased mitophagy is suppressed by a reduction in mitochondrial fission and enhanced by reductions in fusion. 28 In keeping with this finding, it has also been shown that the PINK1/Parkin pathway of mitophagy influences mitochondrial dynamics by either promoting fission or inhibiting fusion or some combination of the two. 29 Although it is intuitive that growing cells require sufficient mitochondrial fission to populate their offspring, even nonproliferative cells such as neurons require mitochondrial fusion and fission. Steketee et al 30 demonstrated that inhibiting mitochondrial division results in changes that extend far beyond the mitochondria, leading to modifications in the distal neurite and growth cone of neurons. The role of appropriate fusion is clear in the case of autosomal dominant optic atrophy, the most common inherited optic neuropathy that is caused by a heterozygous mutation in OPA1. 31 Without appropriate mitochondrial fusion in the optic nerve, these patients lose central vision beginning as early as childhood. 32 Although the exact mechanism of disease has not been fully elucidated, reduced OPA1 levels cause structural changes in the mitochondria, as evidenced by disorganized cristae, resulting in disruption of the mitochondrial network (reviewed by Davies and Votruba 33 ). Knocking down OPA1 also leads to a lowered mitochondrial membrane potential, which can then trigger mitophagy. 26, 33 As is true of so many cellular processes, a healthy cell requires not only fusion and fission but rather a balance between the two. For example, the knockdown of OPA1 in Drosophila cardiomyocytes inhibits normal mitochondrial fusion and leads to the development of cardiomyopathy and a 25% reduction in life span. 34 Unchecked fusion or fission is therefore damaging to the cells, disrupting the dynamic state that allows mitochondria to interact with their neighbors and thus impairing the function of both the individual mitochondrion and the entire cell. 35 
AUTOPHAGY, MITOCHONDRIAL DYNAMICS, AND NEURODEGENERATIVE DISEASES
Neurons are metabolically active cells with a high requirement for energy. The human brain, which comprises only about 2% of body mass, uses 20% of the oxygen consumption of a resting body. 36 Thus, it is no surprise that oxidative stress and mitochondrial dysfunction (chronic or acute) are associated with a number of neurodegenerative diseases such as Alzheimer disease, Huntington disease, and Parkinson disease and have been examined as potential therapeutic targets in limiting disease progression (reviewed by McManus et al, 37 Xun et al, 35 and Mudò et al 38 ) . As a result, antioxidants intended to reduce the damage caused by ROS have been trialed in animal models of all 3 diseases. Studies in an Alzheimer disease animal model have demonstrated the ability of mitochondrially targeted antioxidants (including MitoQVmitoquinone mesylate: [10-(4,5-dimethoxy-2-methyl-3,6-dioxo-1,4-cycloheexadienl-yl)decyl triphenylphosphonium methanesulfonate]) to prevent cognitive decline. 37 In a mouse model of Huntington disease, the use of a synthetic antioxidant, XJB-5-131, was associated with preserving mtDNA integrity and copy number, improving mitochondrial function, and decreasing weight loss and motor dysfunction in the animals. 39 In a Parkinson disease animal model, mice that overexpress peroxisome proliferator-activated receptor F coactivator 1>, a regulatory protein for oxidative stress, are more resistant to neurodegeneration when challenged with MPTP, a neurotoxin. 38 A subset of Parkinson disease can serve as a prime example of the connection between defective mitophagy and neurodegenerative disease. Mutations in PINK1 and Parkin were found in autosomal recessive forms of the disease. 40 Studies in Drosophila demonstrated that loss-of-function mutations in these genes led to a loss of both dopaminergic neurons and flight muscle (reviewed by Youle and Narendra 3 and Rubinsztein et al 41 ) . Because the inheritance of these genes in Parkinson disease is not typically Mendelian, their involvement highlights the likely contribution of mitochondria and mitochondrial dysfunction in the general pathophysiology of the disease.
Autophagic dysfunction has been associated with the same set of neurodegenerative diseases that are implicated in mitochondrial dysfunction. Not coincidentally, these diseases are all characterized by protein inclusions within the cytosol, inclusions that are known substrates of autophagy. 42 Without autophagy, not only will cells have an increased amount of aggregate formation within their cells, but they will also have an increased number of dysfunctional mitochondria, mitochondria that would ordinarily have been delivered to a lysosome for recycling. 3, 43 AUTOPHAGY, MITOCHONDRIAL DYNAMICS, AND RETINAL DISEASES
Autophagy and Mitochondria in the Eye
Autophagy in the visual cells of a vertebrate was first described in 1977 by Remé and Young 44 while looking at the retinas of hibernating 13-lined ground squirrels. Subsequently, Remé went on to describe the presence of autophagic vacuoles in the retinas of 5 other species. At that time, Remé noted that the vacuoles contained ''all sorts of cytoplasmic constituents, includingI mitochondria'' and suggested that autophagy was a mechanism used by cells to maintain the balance between ''formation and degradation in the overall process of renewal.'' 45 Over 30 years later, this hypothesis has largely been borne out as we have come to understand that autophagy is necessary for proper cell functioning. This is best illustrated by mouse models of autophagy-related gene (Atg) knockouts in which the loss of genes required for autophagy leads to a variety of cellular abnormalities, including deformed mitochondria and the accumulation of ubiquitin aggregates. 46 As an extended part of the brain, the retina has similar, if not even greater, energy demands to neurons, secondary to the remarkable energy demands of this tissue. For example, in the fly, the retina alone comprises 10% of the resting ATP consumption of the entire organism. 47 The reason for such a high metabolic rate is mostly attributed to cellular components such as the second messenger system in the visual cycle, synapses and ion pumps, which are critical for the function of the retina. 48 Consequently, many retinal diseases, such as diabetic retinopathy, 49 age-related macular degeneration (AMD), 50 and secondary cone photoreceptor death in retinitis pigmentosa, 51 have been associated with metabolic stress and/or malfunctions of mitochondria. 52 In immunohistochemical studies of normal mouse retina, it has been demonstrated that autophagy-related proteins, including microtubule-associated protein 1 light-chain 3 (LC3), are concentrated in areas of the retina with a high metabolic demand and an increased likelihood of mitochondrial damage, including the inner and outer nuclear layer, the retinal pigment epithelium (RPE), and the ganglion cell layer. 53, 54 Autophagy within the RPE is particularly important because of the need to regulate the amount of all-trans-retinal (atRAL), a chromophore created when 11-cis-retinal is photoisomerized, which is toxic to the retina in excessive amounts (reviewed by Maeda et al. 55 ). In mouse studies, delayed clearance of atRAL from photoreceptors caused by a knockout of both ATP-binding cassette transporter 4 (Abca4) and enzyme retinol dehydrogenase 8 (Rdh8) will cause severe RPE and photoreceptor dystrophy. 55 This system can therefore function as a model of light-dependent retinal degeneration. 55 In a recent extension of this model, Chen et al 56 demonstrated that Abca4 j/j Rdh8 j/j mice have increased levels of LC3B-II, used as a proxy for autophagy, and Park2, a marker of mitophagy. In addition, they showed that in animals with insufficient autophagy, there was an increased amount of photoreceptor cell death and an increased susceptibility to retinal degeneration. 56 By circling back on this issue, they have strengthened the argument that deficient autophagy and mitophagy may play a large role in the development of light-induced retinal degeneration. A defect in mitophagy and autophagy is only one of the ways in which the RPE may be impacted by light-dependent toxicity, but it is emerging as a growing area of interest within the field.
In diabetic retinopathy, mitochondrial dysfunction is thought to result from oxidative damage within the cell. 57 The oxidative damage in diabetic tissue may be secondary to either increased ROS production or a decreased ability of the retina to combat oxidative stress. This second hypothesis is supported by a study of diabetic rats in which lower retinal levels of free radical scavengers, including glutathione peroxidase and ascorbic acid, were associated with increased oxidative damage relative to control animals. 58 Interestingly, in early stages of diabetic retinopathy, mitochondria appear to be resistant to superoxide damage, becoming damaged only after a prolonged period of disease. This has been shown in rodent models of diabetes in which mitochondria in the retina are intact and functional 2 months after diabetes induction, but demonstrate clear dysfunction by 6 months after induction. 59 One theory explaining this observation proposes that mtDNA is initially protected by short-lived compensatory mechanisms that eventually become overwhelmed by the consequences of persistent hyperglycemia. 60 Mitochondrial dynamics are also impacted by other types of stress. In an animal model of glaucoma, increased intraocular pressure (IOP) induced mitochondrial fission and resulted in a reduction of OPA1 mRNA in the optic nerve head. The altered mitochondrial morphology (decreased lengths, increased cristae numbers) and decreased ATP production suggest that glaucomatous stress can negatively affect mitochondrial function. 61 This group subsequently demonstrated that an increase in IOP induces mitochondrial fission and results in a reduction of OPA1 mRNA in the optic nerve head in this glaucoma mouse model. 62 They later expanded on the influence of OPA1 by showing that ganglion cells may increase OPA1 expression as a means of warding off the ravages of increased IOP, thus improving the likelihood of their own survival. 63 Munemasa et al 64 have examined the impact of IOP on mitochondria and concluded that increased IOP damages otherwise normally functioning mitochondria and results in an absolute reduction of mitochondria within the cell.
Although there is not yet a single definitive gene known to cause glaucoma, there have been a number of studies looking at candidate genes known to associate with the disease, including latent transforming growth factor AYbinding protein 2 (LTBP2) 65 and a gene within the family of cytochrome P450, P4501B1 (CYP1B1). 66 Many continue to use genome-wide association studies to elucidate this issue. 67 Genetic evidence available today does suggest, however, a link between glaucoma and mitochondrial dysfunction. One study established a 6-to 8-fold increase in the likelihood that primary open-angle glaucoma is maternally inherited, 68 a finding in keeping with a pattern of mitochondrial inheritance. This was further supported by a 2006 study of 27 patients with primary open-angle glaucoma that demonstrated 22 concomitant, potentially pathogenic, nonsynonymous mtDNA changes in this cohort. 69 More recently, Kong et al 70 reported increased mtDNA mutations and decreased mitochondrial oxidative phosphorylation enzyme expression in an aging mouse model with impaired mitochondrial polymerase F (PolG). 70 They went on to report that these mice were even more susceptible to retinal dysfunction when exposed to increased IOP.
As researchers consider ways to circumvent the mitochondrial damage found in disease states, they have aimed to either restore normal mitochondrial function in the face of increasing oxidative stress or reduce the amount of oxidative stress incurred. The latter has been considered by those who suggest transporting antioxidants into mitochondria to assist in the fight against ROS-mediated damage. A recent review looked at, among others, SkQ1 (10-(6 ¶plastoquinonyl)decyltriphenylphosphonium), ergothioneine, and MitoQ as contenders for this role. 71 There have also been attempts to link lipophilic cations with antioxidants to facilitate the mitochondrial uptake of the latter. 72 
Autophagy, Aging, and Age-Related Macular Degeneration
Recently, it has been suggested that increased autophagy may be a mechanism used by tissues or organisms to extend their life span. 73 This is intuitively pleasing, as we know that autophagy prevents the accumulation of damaged molecules within the cell, including molecules such as lipofuscin, which is known to accelerate the aging process. 74 In addition, the inhibition of macroautophagy in mammalian tissues has been shown to induce changes that resemble those associated with aging, supporting the theory that autophagy is aging-protective. 75 As cells age, they seem to produce less ATP. This in turn results in a decrease in the ratio of ATP to adenosine diphosphate, which subsequently triggers mitochondrial production of ROS. In cells such as the RPE and other long-lived, postmitotic cells such as neurons, the lowered ATP production and elevated ROS generation associated with aging can increase the probability of pathogenic changes. 76 In susceptible tissues such as the retina, these changes may contribute to aging-related diseases such as AMD, glaucoma, and diabetic retinopathy. 76 He and Tombran-Tink 20 described this aging-associated decline in ATP levels when they reported a 30% reduction in the intracellular levels of ATP in aging RPE cells. They examined the mitochondria within RPE cells cultured from donors and found that there were many fewer mitochondria in the older patients, with a greater than 2-fold difference between the youngest patient (9 years old) and the oldest (76 years old). 20 When the baseline insults due to aging are combined with any additional mitochondrial dysfunction, whether due to lowered enzymatic activity, reduced mitochondria numbers, or increased mtDNA mutations, the result is the augmentation and acceleration of disease pathogenesis.
This theory of aging accelerated by mitochondrial dysfunction may apply particularly well to AMD. Age-related macular degeneration is a progressive disease that impacts the central, cone-dominant macula and is the leading cause of legal blindness in white individuals in the United States. 77 As the global population ages, AMD is poised to be increasingly important throughout the world. Genome-wide association studies have implicated the possible involvement of specific polymorphisms in the likelihood of developing the disease. 78Y80 A mutation at chromosome 10q26 has the highest significance ratio, although mutations in 1q32, 2p, 3p, and 16 have also been shown to be significant. 78 Another mutation, located in the mitochondrial protein age-related maculopathy susceptibility 2 (ARMS2), or LOC387715, is known to confer risk for progression to advanced forms of AMD. 81 The function of the ARMS2 protein is as yet unknown, but it has been localized to mitochondria, suggesting that mitochondrial dysfunction may play a role in the development of AMD. 82 The relationship between mitochondria and AMD pathogenesis is supported by other findings as well. Proteomic analyses of human RPE revealed that the expression of proteins associated with mitochondrial trafficking and refolding was altered in tissue from AMD eyes when compared with age-matched controls. 83 Age-related decreases in cristae and matrix density in human RPE mitochondria, as observed by electron microscopy, were also more pronounced in AMD eyes relative to age-matched controls. 84 
POTENTIAL ANIMAL MODEL
There are currently a number of model systems used to study mitochondria and their role in neurologic and ophthalmic diseases. These include in vitro cell-based systems, 30, 56, 76 Caenorhabditis elegans models, 85, 86 and Drosophila models. 28, 29, 34 There are also numerous rodent models of diseases such as Alzheimer disease, 37 Huntington disease, 39 Parkinson disease, 38 retinitis pigmentosa, 51 retinopathies, 55 and glaucoma. 62, 64 However, as has been recently suggested, there are additional model systems that may contribute a broader perspective and potentially yield new answers to old questions. 87 Mammalian photoreceptors require a tremendous amount of energy to maintain their normal functions and contain a high density of mitochondria, even when compared with neurons. 88 Therefore, the proper functioning of mitochondria, the chief energy source in photoreceptors, is critical for normal retinal health. Although there is work being done to reduce the amount of oxidative stress in these milieus, there are not currently any leading contenders for ways to optimize mitochondrial health so that they are better able to survive in these challenging environments. We propose the use of the 13-lined ground squirrel (Spermophilus tridecemlineatus) as a model that we believe can provide further insight and open additional research avenues.
Ground squirrels are obligate hibernators and endure extreme metabolic challenges during hibernation. 89 Nonetheless, these animals manage to survive this period without accruing any permanent cellular damage secondary to either the global decrease in temperature and metabolic rate or the reperfusion that occurs with awakening from hibernation. 44, 90 In addition, because these animals are cone-dominant, they are well positioned to function as an animal model for diseases like AMD and cone dystrophies.
By studying these animals and the mitochondria in their retinas, one can attempt to identify the strategies adopted by photoreceptors in hibernating animals to cope with metabolic stress, a state that occurs often in retinal disease. In preliminary, unpublished work, we are seeing evidence of clear changes in the mitochondrial structure and function of the hibernating retinas. For these reasons, we believe that the 13-lined ground squirrel is an interesting animal deserving additional study.
CONCLUSIONS
The process of autophagy is a well-studied and wellrecognized component of the normal cell functioning required to maintain a healthful state. Without autophagy, organisms cannot survive. 91 Even deficiencies in autophagic functions are harmful and can lead to the accumulation of toxic substances, thereby accelerating the already deleterious processes of aging and disease. As a major subtype of autophagy, mitophagy plays an important role in cell homeostasis. This is particularly true in tissues with high metabolic needs, such as the brain and the retina. Unsurprisingly then, defects in mitophagy are known to play a role in many neurologic diseases, including Parkinson disease. 16, 92 Autophagy and its effects on cellular and mitochondrial function have significant connections with the pathobiology of retinal diseases including AMD, diabetic retinopathy, optic atrophy, and glaucoma. As such, therapeutic strategies that have a large impact on autophagy and mitochrondrial function may be effective in disease prevention and treatment.
The appropriate balance of mitochondrial fusion and fission is also essential for maintaining cellular health. Although the rates of fusion and fission may vary, it is crucial that both be functional and responsive to the requirements of the tissue and organism. These dynamic processes are fundamentally linked with mitophagy, as they allow for the targeting of specific mitochondria for recycling and autophagy. Mitochondrial fusion and fission are therefore vital cellular activities.
A clear understanding of the mechanisms underlying mitochondrial adaptations to avoid retinal damage during episodes of acute stress can be instructive in generating strategies for disease treatment and prevention. For example, the systems that allow mitochondria in hibernating animals to adapt successfully to markedly altered metabolic states during hibernation may be also be helpful in the therapeutic rescue of cone cells in retinitis pigmentosa, which experience metabolic derangements that resemble starvation. 51 Understanding mitochondrial function and how it can be modulated by autophagy may shed new light on disease mechanisms and open promising avenues to new therapeutic strategies.
